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ABSTRACT 
Skin samples from 3 patients with active psoriasis, one with seborrheic dermatitis and 
9 normal controls were subjected to qualitative and quantitative analysis of glycos-
aminoglycans. The various glycosaminoglycans were identified by cetylpyridinium 
chloride-salt fractionation and by cellulose acetate electrophoresis. This study revealed 
an increase in glycosaminoglycans in psoriatic skin due to an absolute increase in 
hyaluronic acid. The distribution of glycosaminoglycans in seborrheic dermatitis was 
normal. 
In a previous study we noted an increase in 
glyco aminoglycan concentration in psoriatic 
dermis ( 1) . Estimation of the percentage dis-
tribution of glycosaminoglycans revealed an 
increa e in hyaluronic acid and a reduction in 
dermatan ulfate. In that tudy, the glycos-
aminoglycan. were separated by cellulose ace-
tate electrophoresis, stained with Alcian blue 
and 11 rcentage distribution calculated by 
planime ry. The present tudy was under-
taken to determine the absolute concentration 
of glyco-aminoglycans in psoriatic skin. These 
fractions were analyzed qualitatively and 
quantitatively by the cetylpyridinium chloride 
(CPC) -salt fractionation method described by 
chiller et al. (2) . 
l\IA'l'ERIALS A D METHOD 
Thr e pati nts with active psoriasis were selected 
for this study. They were Caucasian males 38. 48 
and 60 years old. Biopsies of active lesions were 
taken from the lower back, thus, avoiding sunlight 
exposed nren . ~Tone of the patients were in treat-
ment at t.hc time of the biopsy. Controls consisted 
of 9 normnl "P cimen obtained from the medial 
inci ion of fre h au topsy material. There are no 
significant cliff rene s in glycosaminoglycan con-
centration bctwe n the lower back and abdominal 
areas (1). The controls were 5 males from 38 to 49 
years of age and 4 males from 59 to 66 vears of 
age. Also u eel a a control was a specimen ~btained 
from th<' lower back of a 33 vear old Caucasian 
male 'vith ext n iY seborrheic dermatitis. Aliquots 
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of the skin specimens were used for routine 
histology and stained with hematoxylin and eosin 
and Alcian blue, pH 0.5 and 2.5. The clinical 
diagnoses were confirmed by the histological ex-
aminations. 
Aliquots of the psoriasis, seborrheic dermatitis 
and normal control specimens were defatted for 3 
days in acetone/ether and dried in a desiccator. 
The dry weight for the abnormal specimens range 
from 200 to 280 mg and about 1 g for the normal 
controls. The fractionation was performed as 
follows: 1) digestion with papain, two times 
crystallized suspension (Sigma) 3 mg/g skin in 
0.1 M acetate buffer, pH 5.5 containing 0.005 
cy. teine-HCl and 0.005 clisoclium versenate; 2) 
treatment with 0.5 N sodium hydroxide; 3) dialysis 
against tap water until pH 8.5-8.9 was achieved; 
4) digestion with trypsin, twice crystallized (Mann 
Research Laboratories) 1.0 mg/g skin in 0.1 M 
a2HPO.t, pH 8.0 for 3 clays at 37°C; 5) precipi-
tation of proteins with 10% trichloracetic acid; 6) 
dialysis again t distilled water for 3 clays; 7) 
precipitation of glycosaminoglycans with 0.03 M 
TaCl-0.1 % CPC; 8) extraction of the precipitate 
successively with 0.03 M NaCl-0.1% CPC (glyco-
proteins), 0.4 M NaCl-0.1 % CPC (hyaluronic acid), 
1.2 M NaCl-0.1% CPC (dermatan sulfate) and 2.1 
M NaCl (heparin). Uronic acids were estimated by 
the carbazol metb ocl (3). The vielcl of the fraction 
extracted with 1.2 M N aCl ~as multiplied by 2 
since the icluronic acid present in clermatan sulfate 
gives a chromagen half the intensity of glucuronic 
acid. The 0.4 M NaCl, 1.2 M NaCl and 2.1 M NaCl 
fractions were treated with 0.1 M potassium 
thiocyanate to free the CPC which was then 
eliminated by filtration through a Celite pad. The 
filtrates were dialyzed against distilled water for 
3 clays. Each fraction was analyzed for uronic acid 
content by the carbazol and orcinol methods ( 4) 
using glucuronolactone as a standard. The car~ 
bazol/orcinol ratio was calculated for each fraction. 
This ratio is about 1.0 for hyaluronic acid and 
about 0.5 for dermatan sulfate. The glycosamino-
glycans of each fraction were also studied by 
cellulose acetate electrophoresis. The buffer con-
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TABLE I 
Micrograms of uronic acid per g of dry weight defatted skin 
Specimens Total 
Psoriasis 3 792 ± 120* 
eborrheic derma- 1 572 
titis 
Controls 9 532 ± 40 
*Mean & SEM. 
sisted of equal parts of 0.1 M calcium acetate-0.1 M 
copper acetate, pH 3.6. The samples were run in 
a horizontal chamber at 1.5 Mamp per strip for 
2 hours. The strips were stained for 2 hours with 
0.1% Alcian blue in 95 ml of 70% ethanol and 5 ml 
of acetic acid, pH 3.0. Destaining was carried out 
with 5% acetic acid for 10-15 minutes. Controls 
consisted of hyaluronic acid, chondroitin, dermatan 
sulfate, chondroitin sulfate and heparin. 
RESULTS 
The concentration of glycosaminoglycans is 
reported in T able I. There were no significant 
differences among the normal controls so they 
are reported as one group. The increase of 
gl:> cosaminoglycans in psoriatic skin was due 
to a significant increase in hyaluronic acid 
(7J < 0.05) while there was no increa e in 
dermatan sulfate (p < 0.4). Also noteworthy 
was the increa e in the 2.1 M NaCl fraction 
which presumably represents heparin (2). The 
small yield of this fraction did not allow analy-
sis for further identification. It is interesting to 
note that seborrheic dermatitis, which may 
closely resemble psoriasis, showed a normal 
concentration and composition of glycosa-
minoglycans. Table II reports the percentage 
distribution of the variou glycosaminoglycans. 
The carba zoljorcinol ratios are reported in 
Table III. There \Yas a good correlation be-
tween the glycosaminoglycans isolated in the 
0.4 M aCl 1.2 M NaCl 2.1 M NaCl 
493 ± 126 279 ± 28 32 ± 10 
260 312 0 
228 ± 40 332 ± 32 4 ± 0.28 
TABLE II 
Percentage distribution of glycosarninoglycans 
Hyaluronic Derma tan Heparin 
acid sulfate 
Psoriasis 60 ± 5* 35 ± 6 5 ± 2 
eborrheic dermatitis 45 55 
Normal controls 42 ± 1 56 ± 2 2 ± 6 
*Mean & SEM. 
various salt solutions and their identification 
by electrophoresis. 
COMMENTS 
This study revealed an increase in glycosa-
minoglycans in psoriatic skin, due to an ab-
solute increase in hyaluronic acid. The concen-
tration of dermatan sulfate was normal. It is 
difficult, at present, to interpret this finding 
since the biological role of glycosaminoglycans 
is not known. It has been suggested that 
hyaluronic acid appears to be the major com-
ponent of the ground substance while dermatan 
ulfate is found in association with collaaen 
fibers. Hyaluronic acid, due to its highly hy-
drophilic properties, combines with water to 
form a viscous gel. Although hyaluronic acid 
i present in small concentration in the dermis, 
when combined with water it may expand 6 
TABLE III 
Carbazol /Orcinol ratw and electrophoresis of the 0 .4 M N aCl and 1.2 M l\ aCl fractions 
0.4 M NaCI Electrophoresis 1.2 M NaCl Electrophoresis 
Psoriasis 1.34 ± 0.090* Hyaluronic acid 0.49 ± 0.005 Dermatan sulfate 
Seborrheic dermatitis 
I 
1.20 Hyaluronic acid 0.33 Dermatan sulfate 
Controls 1.33 ± 0 .065 Hyaluronic acid 0.40 ± 0.046 Derma tan ulfate 
*Mean & SEM. 
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to 1000 fold its unhydrated volume, thus act-
ing as a space-filling molecule. One may hy-
pothesize that the increase in hyaluronic acid 
could explain the persistent papillary edema 
seen in psoriatic dermis. This is supported by 
histologic observations showing that the highest 
concentration of Alcian blue positive material 
in psoriatic skin takes place in the lower por-
tion of the epidermis, papillae and upper 
dermis ( 5) . It has also been suggested that 
hyaluronic acid may control the diffusion of 
cations and macromolecules. The increase in 
concentration of hyaluronic acid would result in 
a more viscous gel which could reduce the 
diffusion of certain metabolites coming from 
and to the epidermis. What effect these en-
vironmental changes may have in the control 
of epidermal cell mitotic activity IS only open 
to speculation. 
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